La Piedad Michoacan paramyxovirus (LPMV) is newly recognized paramyxovirus that has been associated with neurologic and reproductive disorders in pigs in Mexico. To date, no comparative study of methods for the diagnosis of infection with this virus has been published. In this study, we identified tissues containing maximum virus load to optimize virus isolation procedures, and we compared this method to a rapid diagnostic test employing immunostaining of impression smears for LPMV antigens. In addition, several of the available tests for detecting LPMV antibodies were compared for their sensitivity in detecting seroconversion. Pigs used for the study of virus load in tissues and serologic studies were inoculated at 17 days of age with 10 7.00 TCID 50 of LPMV. Serial blood samples were collected from selected pigs, and selected pigs were necropsied over a 14-day period. Pigs used in the investigation comparing standard virus isolation techniques to immunostaining of impression smears were inoculated at 3 days of age as described above and necropsied over an 8-day period. The results demonstrate that in the 17-day-old pigs maximum virus titers were detected in olfactory bulb at 5 days postinoculation (PI) and in midbrain at 9 days PI. In addition, the most consistent recovery of high titer virus was from tonsil (3-9 days PI) and olfactory bulb (4-9 days PI). Immunostaining of impression smears was as sensitive as virus isolation when selected tissues (lung, midbrain, olfactory bulb) were compared, with virus detected by both methods in 11/13 samples and in 1 sample each by immunostaining and virus isolation, respectively. All of the serology tests investigated detected seroconversion in pigs by 8 days PI. The identification of target organs where highest virus titers are found combined with immunofluorescent methods for the detection of LPMV antigens and a comparative study of the available serologic tests should facilitate the selection of techniques suitable for any laboratory to diagnose LPMV infection in pigs.
La Piedad Michoacan paramyxovirus (LPMV), or blue eye paramyxovirus (BEP), infection was first reported in pigs in Mexico in 1981. 16 Since the report of this initial outbreak of disease, the virus has spread throughout Mexico 15 and has been associated with a number of clinical conditions in young and adult pigs. Field infections of pigs with LPMV have been associated with neurologic disorders and severe respiratory distress in young pigs and with reproductive disorders in adult male and female pigs. 14 Because of these differing clinical signs associated with LPMV, accurate and rapid laboratory diagnosis of infection is partic-ularly important to confirm LPMV as the causal agent of a disease outbreak.
Procedures currently in use for diagnosis of LPMV infections in Mexico and other Central American countries are limited to the retrospective demonstration of seroconversion to LPMV and/or isolation of the virus in cell cultures and subsequent serologic typing. The most commonly used serologic test is the hemagglutination inhibition (HI) test, but to date the accuracy and relative sensitivity of this test compared with other serologic assays has not been determined. In addition, virus isolation in cell cultures as a means of diagnosis is time consuming and expensive and requires a constant supply of susceptible cell cultures. Virus isolates must be serologically identified as LPMV, adding an extra delay in acquiring a definitive diagnosis.
In this paper, we describe a comparison of 4 procedures for the detection of antibody to LPMV in experimentally infected pigs. In addition, the application of direct immunofluorescent (IF) staining of impression smears of tissue from experimentally infected pigs for detection of LPMV antigen was assessed as a rapid diagnostic procedure, and target organs and tissue samples containing high yields of virus were identified in an attempt to optimize virus isolation procedures.
Materials and methods

Virus
The cell culture-adapted isolate of LPMV, designated LPMV-85, was used throughout this study. This virus was originally isolated in 1984 12 and has been previously characterized at the protein and genomic levels. 5, 6, 9, 17, 18 Following purification of the virus by titration at limiting dilution, a working pool was prepared and the infectious titer was calculated to be 10 7.5 TCID 50 /0.1 ml. 1
Antiserum
A hyperimmune antiserum to LPMV-85 was prepared in a rabbit, 1 conjugated to fluorescein isothiocyanate (FITC), and absorbed with homogenized pig tissue. 11 This conjugate was used at a 1/400 dilution for direct immunostaining of LPMV antigens.
Pigs
All pigs used in this study were obtained from a closed minimal-disease herd. These animals were known to be free of infection with LPMV, pseudorabies virus, porcine parvovirus, and classical swine fever virus.
Quantitation of virus load in tissues
This experiment was designed to quantify the amounts of LPMV in tissues of infected pigs. Tissues were collected from pigs inoculated at 17 days of age as described previous1y. 1 Each pig was inoculated by intranasal and intraconjunctival routes with 10 7 . 00 TCID 50 of LPMV. This inoculum was administered in a 10-ml volume given as 2 4.5-ml doses by the intranasal route and 2 0.5-ml doses by the intraconjunctival route, 6 hr apart. Two pigs were euthanized on each of days 1, 2, 3, 4, 5, 7, 8, 9, 11 , and 14 after inoculation, and samples of trachea, lung, tonsil, olfactory bulb, midbrain, parotid lymph node, and pancreas were taken. These tissues were selected on the basis of an earlier study 1 as organs from which virus was most consistently recovered. Exact 10% suspensions were prepared by grinding 1 g of tissue with sterile sand and 9 ml of minimal essential medium a containing Earle's salts and 100 µg/ml of gentamycin (MEMG) in a mortar with a pestle. The suspension was clarified by centrifuging at 3,000 x g for 30 min; the supernatant fluid was then collected and stored at -70 C prior to titration. Virus titers were determined by inoculating a 0.1-ml volume of serial 10-fold dilutions prepared in MEMG into 4 wells each of a continuous pig kidney (PK/15) cell culture prepared in 24-well plates. b These cultures were incubated at 37 C for 6 days in an atmosphere of 5% CO 2 in air and subjected to 1 freeze/thaw cycle. End points were determined using hemagglutination (HA) by the cell culture lysate preparations of 0.8% chick erythrocytes. This method of virus detection was used because preliminary studies have shown it to be as sensitive as the development of cytopathic effect (CPE) or as virus antigen detection by immunofluorescence (data not shown). Blood from 4 pigs used in this experiment was sampled on days 0, 5, 8, 11, and 14 after inoculation, and selected serum samples were processed for serologic studies.
Comparison of virus isolation and immunostain on smears
This experiment was carried out to assess the use of direct IF staining of tissue impression smears as a rapid and inexpensive method for the diagnosis of LPMV infection. Tissues were collected from 3-day-old pigs as previously described. 1 The 3-day-old colostrum-fed pigs were housed in animal accommodation under negative air pressure and fed a mixture of equal volumes of 1% dextrose in water and fullcream evaporated milk. c Pigs were inoculated by intranasal and intraconjunctival routes as described above. One pig was euthanized on each of days 1, 2, 3, 4, 5, 7, and 8 after inoculation, and tissue samples of midbrain, olfactory bulb, lung, trachea, nasal mucosa, and tonsil from each pig were processed for virus iso1ation. 1 Samples for IF were processed by preparing impression smears of freshly cut tissue (midbrain, olfactory bulb, lung, tonsil) or smears of cells scraped from epithelial surfaces (trachea and nasal mucosa) on clean, degreased glass slides. These smears were air dried, fixed in acetone for 10 min at room temperature, and immunostained with the FITC-conjugated antibody to LPMV as described above. Following immunostaining for 1 hr at 37 C, the smears were extensively washed in 0.01 M phosphate-buffered saline, pH 7.2 (PBS), mounted in buffered glycerol saline, d and examined under incident UV illumination.
Serologic studies
Sera from the experimentally infected pigs were assayed for antibody to LPMV using 4 techniques. All sera were heat inactivated at 56 C for 30 min.
HI test. Sera were titrated by serial 2-fold dilutions in PBS and assayed using a 3-volume HI test (50 µl serum, 50 µl 1% guinea pig erythrocytes, 50 µl antigen) against 4 HA units of LPMV antigen in V-well plates. End points were read by erythrocyte streaming. All sera were assayed without pretreatment and following pretreatment with kaolin or heparin/MgCl 2 to remove nonspecific inhibitors.
For kaolin pretreatment, 300 µl of 25% acid-washed kaolin was added to 100 µl of serum, mixed briefly using a vortex mixer, and incubated for 2 hr at 4 C. Following centrifugation at 200 x g for 10 min, the supernatant was removed to a clean centrifuge tube, 100 µl of packed guinea pig erythrocytes was added, and the suspension was gently mixed. After an overnight incubation at 4 C, the erythrocytes were pelleted by centrifuging at 200 x g for 10 min, and the supernatant was removed for use in the HI test. After this treatment, the dilution of the sera was 1/4.
For heparin/MgCl 2 pretreatment, 250 µl of serum was placed in a clean centrifuge tube. Twenty-five microliters of the heparin/MgCl 2 solution, consisting of 1 ml of heparin solution (5,000 IU/ml, with the addition of benzyl alcohol to a final concentration of 0.9%) and 1.2 ml of 1 M MgCl 2 , was added. This solution was mixed on a vortex mixer and incubated at 4 C for 20 min, and 50 µl of a 10% suspension of guinea pig erythrocytes was then added. After an additional incubation for 1 hr at 4 C, mixing occasionally, the solution 11 Serum neutralization test (SNT). Sera from experimentally infected pigs were diluted in MEMG supplemented with 10% fetal bovine serum and assayed in a microtiter system. Serial 2-fold dilutions of all sera were prepared, and 100 µl of each dilution was aliquoted into duplicate wells of a flatbottom microtiter plate. One hundred microliters of LPMV containing 200 TCID 50 was added, and the plate was incubated at 37 C for 2 hr. Finally, 50 µl of freshly trypsinized PK/15 cell suspension ( 10 4 cells/well) was added, and the plate was incubated for 4 more days at 37 C. End points were determined using 2 methods. All plates were examined microscopically, and the last dilution of serum giving complete protection against virus-induced CPE was taken as the titer.
In an attempt to simplify the reading of end points, this method was compared with the neutralization of the production of infectious supernatant fluid. All virus a plates s determined by HA activity in were subjected to 1 freeze/thaw cycle, and equal volumes (50 µl) of supernatant fluid and 0.8% chicken erythrocytes were mixed in a clean V-well microtiter plate. The last dilution of serum that completely * Virus titer (log,, TCID 50 /0.1 ml) detected in a 10% tissue suspension. + = neutralized the production of hemagglutinin was taken as the LPMV recovered from undiluted sample only (titer < 10 0.50 TCID 50 /0.1 ml); -= no virus recovered.
titer. opment of a CPE and stored frozen at -70 C until required. The virus/cell lysates were treated with 2% Triton X-100 for Enzyme-linked immunosorbent assay (ELISA). LPMVinfected Vero cell cultures were harvested following devel-15 min at 37 C and then sonicated for 5 min. Cellular debris was removed by centrifuging at 10,000 x g for 15 min at 4 C, and the supernatant fluid was removed and the virus pelleted by centrifuging at 100,000 x g for 19 hr. The crude virus pellets were resuspended to 1/1,000 of the original volume in PBS and further purified on a linear sucrose gradient. Microtiter immunoplates c were coated overnight at 4 C with 200 µl of the semipurified virus particles at a protein concentration of 2 µg/ml in 50 mM carbonate buffer (pH 9.6). A blocking solution consisting of 2% bovine serum albumin in PBS was added to all wells for 1 hr at room temperature. After removal of this blocking solution, serum dilutions prepared in a PBS/Tween 80 solution (PBS with 2% NaCl 2 and 0.25% Tween 80) were added, and the plates were incubated for an additional 1 hr at 37 C. Horseradish peroxidase-conjugated anti-swine immunoglobulins f were diluted 1/1,000 in PBS containing 0.2% Tween 20 and allowed to react for 1 hr at room temperature. The substrate used was 3,3',5,5'-tetramethylbenzidine and 3.5 mM H 2 O 2 in a substrate buffer (0.1 M sodium acetate, pH 6.0). The enzyme reaction was stopped after 10 min by adding 50 µl of 5 M H 2 SO 4 , and the optical density (OD) was read at 450 nm using a spectrometer. The OD reading below which samples were considered negative was determined by calculating the mean value obtained from 6 pig sera prior to inoculation and adding 3 times the standard deviation.
Results
Quantitation of virus load in tissues.
Results are presented in Table 1 . Early in the experiment (days 1 and 2 postinoculation [PI]), virus was recovered from only trachea and tonsil tissues in relatively low quantities. Similarly, late in the duration of the experiment (days 11 and 14 PI), virus was recovered from only 1 tonsil specimen. During the remainder of the experiment, LPMV was recovered from the tonsil tissue of all pigs examined, with a maximum virus titer of 10 2.25 TCID 50 /0.1 ml of a 10% tissue suspension. LPMV was also recovered from lung (days 3-9 PI, except day 5), parotid lymph node (days 3-9 PI) and olfactory bulb (days 4-9 PI) in at least 1 of the pigs euthanized at each time point. Virus isolation performed on the remaining tissues resulted in recovery of virus from the trachea of 1 of the pigs euthanized on each of days 3-7 PI and from the midbrain and pancreas of at least one of the pigs euthanized on day 7-9 PI. The highest virus titers were detected in the olfactory bulb of 1 of the pigs euthanized on day 5 PI (104.50 TCID 50 /0.1 ml) and in the midbrain of 1 of the pigs euthanized on day Table 2 . Results of virus isolation (VI)* and immunofluorescent staining of impression smears (F) of tissues from pigs experimentally infected with LPMV at 3 days of age. 9 PI ( 10 5.00 TCID 50 /0.1 ml). The most frequent recovery of highest virus titer was from tonsil (days 3-9 PI) and olfactory bulb (days 4-9 PI).
Comparison of virus isolation and immunostaining of impression smears. The results of the study com-
paring virus isolation to immunostaining of impression smears for the detection of LPMV are presented in Table 2 . Direct comparison of all the tissues examined by the 2 methods indicated that virus isolation was the more sensitive detection method. In total, 27 specimens were positive for LPMV, with 13 (48.1%) detected by virus isolation only and 13 (48.1%) de-tected by both virus isolation and immunostaining. Only 1 specimen was positive by IF and not by virus isolation. However, further analysis of these results demonstrates that when immunostaining of impression smears was compared with virus isolation in lung, midbrain, and olfactory bulb tissues, 11/13 (84.6%) show agreement, with 1 tissue each positive by virus isolation or IF. When nasal mucosa, trachea, and tonsil tissues are similarly compared, 2/14 ( 14.2%) positive tissues showed agreement. The IF staining seen in lung tissue consisted of numerous intensely stained pin-like intracytoplasmic inclusions (Fig. 1 ) similar to those seen in infected cell cultures. In midbrain, most of the staining was seen as discrete areas of speckling, which appeared to be on the surface of the smear and were always relatively sparse (Fig. 2) . In contrast, in the olfactory bulb, although the immunostaining pattern was essentially the same, LPMV antigen was much more abundant (Fig. 3) .
Comparison of serologic tests for the detection of LPMV antibody. No LPMV antibody was detected in pig sera collected prior to inoculation (on day 0) or on day 5 PI. All of the serologic tests detected LPMV antibody in sera collected on days 8, 11, and 14 PI (Table 3) . For the HI test, only the sera treated with heparin/MgCl 2 gave a clear result (Table 3 ) with no interference from nonspecific inhibitors. Heating at 56 C or treating with kaolin did not remove nonspecific inhibitors, resulting in false-positive titers ranging from 1/4 to 1/8 in both the preimmunization and 5-day sera (data not shown). Comparison of the detection methods in the SNT indicated that testing for the presence of hemagglutinin produced results similar to those of microscopic examination for the development of CPE with titers usually showing only a 2-fold or less difference (Table 3 ). 
Discussion
The purpose of this study was 3 fold: 1) to optimize virus isolation methods by quantifying the virus load in selected tissues, 2) to facilitate rapid diagnosis by comparing immunostaining of tissue impression smears with virus isolation, and 3) to compare the relative sensitivity of serologic tests used to detect LPMV antibodies.
Tissues for the study on virus load were selected on the basis of results from a previous more detailed study on virus distribution in experimentally infected pigs. 1 The results for virus isolation reported here are generally in agreement with those of this earlier study. Virus was recovered consistently from tonsil (days 1-9 PI), lung (days 3-9 PI, with the exception of day 5), and olfactory bulb (days 4-9 PI). In addition, virus was recovered from the midbrain on days 7-9 PI, corre-lating with the time when severe neurologic disease was manifested-1 The results reported here indicate that tonsil, lung, and olfactory bulb are the tissues of choice for virus isolation and in part support the findings of earlier workers who have identified brain, tonsil, and lung tissue as the most common site for virus recovery. 13, 15 However, although virus was consistently recovered from the brain, it was only after careful sampling of specific areas; virus is extremely localized in this tissue, particularly following infection in older animals. 1 Therefore, although virus isolation performed on lung and tonsil tissues will in most instances result in recovery of the virus, in any new disease outbreak characterized by neurologic disorders, the most likely organ for examination by a diagnostician would be the brain. Under these circumstances, to maximize the efficiency of virus isolation procedures for diagnosis, the results reported here and supported by the results Figure 3 . Immunofluorescent staining of LPMV antigens in an impression smear of olfactory bulb from and euthanized 5 days later. Note the typical speckled appearance and the relative abundance of antigen. a pig infected at 3 days of age of an earlier study 1 indicate that selective sampling of olfactory bulb and/or midbrain is required.
Rapid diagnosis using immunostaining of impression smears has been applied successfully at this laboratory to diverse viral diseases. [2] [3] [4] 10 To determine if this methodology could be applied to LPMV, tissue samples were tested for the presence of infectious virus in cell cultures and for the presence of virus antigens in tissue impression smears. The results demonstrate that virus isolation is more sensitive than immunostaining of impression smears when a comparison is made using a wide range of tissues. However, 11/13 specimens were positive using both tests when selected tissues (lung, olfactory bulb, midbrain) were compared, indicating that this technique may be a useful tool for rapid diagnosis of LPMV infection. These apparent differences may be due to the very localized nature of virus antigen in some tissues as suggested previously 1 and/or, in the case of the impression smears, the nature of some of the tissues used. Because nasal mucosa and trachea are cartilaginous tissues, satisfactory smears are extremely difficult to obtain. Similarly, the nature of the tonsil tissue made the production of good smears difficult.
All of the serology tests employed detected LPMV antibodies in the experimentally infected pigs by 8 days PI, the earliest time at which seroconversion was observed. The HI test is the most widely used method for detecting LPMV antibodies; however, interference from nonspecific inhibitors present in some sera can be a problem. This problem can be partially overcome by using guinea pig cells in the HI test; 13 however, nonspecific inhibitors still persist, although the levels are slightly reduced (data not shown). During our investigations, several methods in addition to those listed above were used in an attempt to remove nonspecific inhibitors. These included treatment of the sera with receptor-destroying enzyme or trypsin-periodate (results not shown); however, only pretreatment of the sera with heparin/MgCl 2 successfully removed all inhibitors. This treatment specifically precipitates ß-lipoproteins 7 , which indicates that the nonspecific inhibitor of the hemagglutinin is either a ,&lipoprotein or a substance that precipitates along with the ß-lipoprotein. 8 No technical problems were encountered with the remaining serologic tests.
Because all of the tests were satisfactory for the detection of LPMV antibodies, the choice of test for any given laboratory is dependent on the requirements and capability of that laboratory. The HI test is probably the least technically demanding, and if operators are aware of the problems that may arise from the presence of nonspecific inhibitors in sera, the HI tot will be adequate for most applications. It is also rapid and requires no specialized equipment. The IIF test is the most rapid of the tests to perform; however, it does require access to a fluorescense microscope. The development of the ELISA system, although requiring specialized equipment, will facilitate the rapid testing of large numbers of samples, whereas the SNT, although requiring more time to perform, remains the benchmark for serology testing and would normally be used as a confirmatory test where the identification of a disease outbreak is required. The results reported here also demonstrate that determination of virus neutralization can be performed using an HA detection method, thus avoiding the laborious task of microscopic examination.
